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The experimental £lights desoribed herein were made with
the object of obtaining information regarding the following two

Questions, which a8 yet have not been sufficiently elucidated.

These are:
1 What effect has aititude uzon the formation of the mixture?
2 What alteration takes placs, with increasing altitude, in

the utilization of the heat ccntained in the fuel?
The following observations must e borne in mind, in order
that the results of the tests may be correctly interpreted.

1. Altération in mixture with increased altitude.- The guan-

tity of fuel introduced into the engine cvlinder in the form of
an air-fuel mixture, derends (1) upon the pumping efficiency
(M)  of the engine, i.e, i%s efficiency as an air pump, ard (3)
upon the temperature and pressure of the ocuter atmosphere, This
efficiency is further dependent upon:

(4). Volumetric efficiency, Mg, influenced by the valve
setting and resistance encountered in the induction system, and,
generally, by the difference between the exhaust and the  induc-

tion pressures in the cvlinder.

* From Technische Berichte, Volume III, Part I,
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2. The Temperature fise Nep of the mixiure, produced by
contact with the internal walls and surfaces c¢f the carbureicz,
the intake manifold, and the interior of the oylinder (cylinder
walle, piston head, valves) during the period between admission
and at the beginning of compression., In so-far as the tempera-
ture of the admitted air is lowered by the vaporization of the
liquid'fuel, this has a favorable effect on the value of Ny

Ny = Mg 7 ‘ (1)

With the carburetor fully open, owing to the flow of the
mixture due to its inertia, Mg may even reach 0.85 as the in-
let 'valve is often open until the crank is between 40°lto 70°
past the dead cenfter. The temperature rise is difficult to de-
termine, as any estimate based upon temperature measurements
in the cyliﬁder will give an érroneous impression. The heating
of the incomling mixture by the residual products of the preced-
ing combustion has no effect on Mg, as the residual pro&ucts
of combustion are themselves subject to cooling action and |
their influence on the volume admitted, is, thérefore, neutral-
ized, Hence the mixture being cooled through vaporization of
the fuel by some 20 -~ 85°, must undergo a temperature rise of
only about 30° {up to 50°). 1In relation to T, the tempera-
ture of the atmosphere at admission to the carburetor, the

value for g 1s, therefore,

T3

approximately 0.9 {to 0.85), so that in the most favorable case.
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My ="Ng X Mp = 0,95 X 0.9 = approximately 0.85 (to 0.8), heuce
for well--deslgned engines with meéhanloally opescatedl inle% valves,
np; = 0.8 to 0,85, at standaxd. tempsrature tz and a{andaxd
prsssurs b of the atmosphers.
With charging taking place at tge standard atmospheric pres-

sure of 780 mm and an air temperaturs of 15°, the volume admitﬁed

is further affected by

_273+15 b
373 + t, 760

b_
Ty

K = 0.379 2~ approximately

Asgsuming that

ax
i

4 /= the lower calorific value of 'the fuel in kcal/kg (light
gasoline is about 10000 kcal/kg)

o
h

Fuel consumption of the engine in kgs per hour

Vy = Total stroke volume of the engine in cubic meters so that
at "N" R.P.M. the engine piston has an hourly working
displacement volume of g 80 Vi oubic meters. Then the
heat capacity of the fual in units of working volume of
the cylinder

Hy B _

PR, S 3

30 § Vg kcal/m® or geal/lit.
If Hy in kcal/m® of gcal/liter 1s the heat value of the fuel-

. .

air mixture at a2 temperature of 15° and a barometric pressure
of 7680 mm, then the heat capacity of the fuel per unit volume
of the cylinder is, also = Hg " “t

Therefore

H,,B
By = ot (2)

30 N Vp &
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This figure Hgn, whick can be called the specific heat
value of the woriing stroke volume, or, iﬁ short, the "liter-
heat" of the engine, gives a very convenient basis for judging
the performance of the carburgtor and its operation during flight.
What is then the value of H, uh with complete combustion and
perfect fuel utilization?
If gasoline with approximately 10000 kcal/kg lower calorific
value and requiring theoretically 18.5 m2 of air for complete com-

bustion is taken, the heat units contained in the mixture, ‘

Hy = 12202 = 800 kcal/m®, assuming complete combustion, and the
presence of the exact quantity of air redquired to effeot this -
no excess or deficiency.

If My =0.8 to 0.85, HyTM; = 640 to 680 kcal.

As about 10% extra air is necessary in practice for the com-
plete combustion of fuel in the oylinder, HgM; will then be-
come 580 to B30, Thﬁs the values of Hg My according to the
efficiency of the engine, lie somewhat betveen 580 and 680 for
the best utilization of heat in the fuel., Outside these limits
only imperfect combustion will result, owing to insufficient
air, i.e. part'of the fuel «wlll mass uncurnt through the engine,
and, on meeting the outside atmosphere will continue in combus tion

as a visible flame from the sxhaust.

\

1. The Result of the High Altitude Tesgts.

Figs. 1 and 2 show in curve 1 the values of Ej "My . During

a flight with a 260 HP Daimler engine without supercharger, the



carburetors were fully cpen from the beginning, 7M; having thus
'a naximum value for the given rauaber of revolutions, It will be
seen that the value Hy M3 conetently increases with increasing
altitude, and always Far exceeds The value associated with the
best utilization of heat in the fuel. In the test with a 300 HP
Benz engine fitted with supercharger, the throttle couid not be
fully opened until a3 considerable altitude was reached (altitude
regu%ation) and 7M; .only attained its maximum above this. Here
also the vaiue:d6f Hy T rTose above permissible limits. It
should moreover, be noted that Hg M; in passing from throttling
to altitude control, does not increase very much, showing that
the opening of the throttle does not increase MW, much further.
The contrary was the case with the Maybach engine.No.1224, whgre
full opering of the throttle at 3500 m (11500 ft) altitude had
the effect of considerably increasing M; and, therefore, also
H,M3. A1l three engines seemed, however, to be running with
much too heavy fuel consumption, the value cf HgMNi rose con-—
siderably above 880, so that some means ﬁad to be found to cor-
rect this, |

Fig. 2 shows on the right the effect of one such means adopt-
ed with Maybach engine No,13€9, and which consisted in reducing
the cross-section of the fuel jet on changing to the "altitude
position" of the throttle. As the diagram:shows, the throttle
was put to altitude position intermittently at a fairly low alti-
tude, and tﬁe throttle fully opened at a height of 2300 (7330 ft).

With this improved carburetor, the value of Hp M, and
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thus the fusl consumption remained within permiseible limits.

Thes fact that with all carburetors the valus of H

increased with diminishing air density, is esreclally remarkable.

Devices for automaiically regulating the quality of the
mixture (by means of a bejometer) have hitherio orly been seen
in periodicals and pafent specificationeg; but many carburetors
already possess devices to prevent fuel waste, as, for example,
by means of a "comgpensator" (as it is called on the Hispano-
Suiza engine) or a "fuel economizer", actuated by the pilof.

One of the simplést arrangements for this purposse, especi-
ally in supercharged engines, consiste in placing within the
air intake in front of the carburetor, or nawallel to it, some .
form of throttle device or, suppiemensiary air valve, which re-
mains quite or nearly closed at low altitudes, and which is only
fully opened at the higher altitudes, The fuel jet is then so
regulated that, at low aititudes, the engine knocks (owing to
excess of air) if the supplementary air valve or throttle ie
oren, and runs smoothly vith this intake throttled. For a more
prrecise idea of the behavior of such devices in flight, it is
sufficient to measure the fuel consumption and revolution speed

of the engine,

2. Variation in fuel utilization with altitude.

Y

The best idea of the fuel utilization at%t high altitudes, in
addition to measuring the fuel consumption, is obtained by the
careful determination of the speed of revolution of the engine.

4

in horizontal flight in still air, unless, of course, a dynamom-
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ster can be fitted to the engine, Conclusions from this should,
however, be drawsn cautiously, as the rev?lution speed is de-
pendent on several vavriable factors,

The revolutions per minute ave influenced by the equilibrium
maintained between the engine torque @ and the resistance D
offered by the airscrew. The torque @, depends on the heat,
in the form of fuel, supplisd to the engine, and the efficiency
Ng ©of its transformation into work in the engine; 1t is thus
proportional to the heat per unit volume of working stroke

supplied by the fuel.
Q =c (Y511 H)ng (3)

The efficiency Mg of the transformation of heat into work
is composed of:-
1 The chemical or combustion effisienoy (fgy) of the mixture,
showing what portion of the chemical heat value of the fuel 1ib-
erated by its ignition has really gone to develop heat in the
engine, |
3 The thermal efficiency (Nyg) of the working cycle, the
ratic of.the heat developed in the cylindex to the‘indicated
work done inside the coylinder on the piston, including, besides '
exhaugt losses, 2lso tpe losses of heat through the cylinder
walls, and in "after" combustion.

3 The mechanical efficiency (M) of the transmiseion of woTk

on the piston into torgque at the crankshaft, inocluding all losses

due to friction, power absorbed by pumps, etoe.

Ne = Mg Mg Mm : (4)
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The resistance D 6f the airscrew increasges as the sguare
of the revolutions, and as the air density (exrressed by K ) and

decreases when the speed V, of the airscrew relative to the

air increases; this factor can be expressed by £(V) = vE

=2 .
D=o Lpt (5)

Equilibrium is obtained when Q = D and, therefore, -

¥ M

¢ Hy " S
¢ 'l e v

]

!

or,

N =, (H, u,) n, v (6)

vk can be disregarded, as having little influsnce, V
varying but little during the tests, and k aprroximating to

unity, The ratio of the thermal efficiency for two flights at
different altitudes is then

s (2

These values are calculated from the values of N (curves

) ..I-E)._L | - (7)

e By 13

2) and Hy UF) (curves 1), and are represented by curves 3. The
values of T, oorrespond in all enginee to the altitude (point
a) at which the throttle wag fully opened (altitude position),
and with the Benz engine, and Yaybach engine No. 1224 also to the
altitude (point b) at which the firs: reading was taken. In the
two latter cases, it assumed that the value of 7, has not been
altered by the movement of the throttle lever, that the curves 3

can, tﬁereforé, be continued to points c¢. This assumption is,

however, only approximately correct (In the flight with Maybach
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engines No,1324 the values Wwere read at 2500 m (82300 £%) altitude,
with the airplane descending, in which case, the thermal condition
of the engine would be different, and, therefore, this poini shows
a marked divergence in all three curves).

It is, however, perfectly clear that in all engines the trans. :
formation of the heat of the fuel into useful work fails off very
congiderably with increasing altitude.

The chief reason for the great drop in Ne 1ies in the val-

ue of M M, becomss less than 1 as soon as the extra air tak-

c
en in by the engine becomes insufficient (less than 10%), and
thus the ¢omplete mizing or air and fuel, each molecule of fuel
at once fin@ing its molecule of oxygen, bscomes imrossible. Thus,
1f Mg =1 up to the most efficient mizture of (Hy M1)opy = 600,
then, for mixtures in which Ho My is_mor? than 600 -

g ~ (Efo nz)om _ _600
Ho My Ho My

(e)

So long as combustion is complete, and Hon; ie below the
value at which complete corbustion of the =mixture still takes
place (here taken ass 600), Mg Temains equal to unity, and, us-
ing equation (4)

2
(E VYelef Nt "m . (o)
N'/ T B5ni % Mm -

In other words: The revolution speed increases (if Ny and
Mm do not decrease too rapidlv) at first as J/E;—%;j until the -
best value for complete combustion (Hg M;)opy is attained. This,
seemingly wvas, at first, the ocass in the test with the Daimler

engine,
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As soon, however, as (H, Mi)opts OF Nopy 18 exceeded,
it is clear that according to equation (8), when %he supply &f

fuel to the engine is ircreceesd Ne alonc desreases correspond-
ingly,
ar b= !
(fogt Mg Ml oot

N/ T n} nl (10)

This equaticn rexmits us to conciude that, for values of
(Ho nz) exceeding about €10, f{my m,) must decrease as the square
of the revolutions. The curves tor N and (Hy ;) are very in-
formative in this resype ot,

There can be no doubt that 2ccording to the abovs tests the
product (74 7My) decreased at high altitudes, even in the case
of the last t2st with Haybach engine No. 1339, Ny Wwould decrease,
because part of the frictional lcsces (due to inertie and fric—
tion of avxiliarise) remain wwelvered; whils My decreases ow-
ing to slower combustMon wasn (H, ﬂl) increases above a certain
value, poseibly also because tvhe combustion takes place at lower
pressure, and because the abszolute heat cara city of the cylinder
is small in comparison with the external cooling surface. In
any case the R,P,M. of the Maybach engine No.1389 with economizer
jet, with which (H, ;) remains in the neighborhood of 600, de-
creases far less at the outset than with the other,engiﬁes. The
" .conclusions to be drawn from these experiments regarding the'de-

sign of the carburetor are obvious,
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CONCLUSIOHN,

1 411 carburetors tested worked defectively, as the "liter-
heat" increases with altitude, instead of remaining constant,

3 The efficiency of combustion, %,, becomes considerapbly
less than unity at high altitudes, owing to excessive fuel
consumpgion, which, however, is avoidable.

The success of one of the numerous devices which can be
incorrorated with a view to increasing 7, is shown in a
flight with Maybach engine No, 1382,

3 In the engines testsd, the product (ﬂt ﬂm) also decreaseé
with altitude, in rroportion to the square of the R.P‘H,
While the decrease of M, can only be avoided by keering the
engine ;ower constant at all altitudes, the decrease in Mg
can certainly be gut down, to some extent; to insufficient

air in the mixture and can be reduced by the consitruction of

proper "high altitude" carburetors.

Translated by the National Advisory Committee for Aeronautics.
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